AD-753,677

THE STUDY OF THE INTERACTION OF INTENSE
PULSE WITH MATERIALS:
HREE PHOTON CONDUCTIVI-
WITH MODE-LOCKED Nd: GLASS.
LASER PULSES . _ '

S. Jayeraman, et al

Maryland University'

Prepared for:
I

Army Research Office - Durham
Advanced Research Projects '‘Agency

i
‘I November 1972




DISCLAIMER NOTICE

THIS DOCUMENT IS THE BEST
QUALITY AVAILABLE.

COPY FURNISHED CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




- OF
mmm
WITH MATEHMALS

A QUARTIRLY TeWMICAL REPORTY
(TR - 011)

THE US. ARMY RESEARCH OPRICT

L
Jume 22, 1972 to September 21, 1972

3 ENTG PO A ST g P

AR e

M8 1B l
L_L;L': :

m "
r:LJlfL{P_P;%
an Il

\
t
R LI B W e




70-31 Uncls

Socurity Cle

assified

snificntion
e

3200.8 (Att 1 4. Ercl 1)
Mar 7. 66

DC‘CIHE.‘\'

{heevnty cles-itizetion of tille,

T CORTROL DATA-R &

26l sletirct and indexing wanctation sl be

cntered when i covoral? seport s classified)

T CRIGINATLLC ACIUSITY (Cotpcaals auuinr)

Univaersity of Maryland
Cotlece Varl,

Department of Llectrical Enginceriag

Marvland 20742

TR RUPFORY S OUTY CLALSIICANION
R B 8 (R st
Unclassified

h, GROUP

dOHERORT T

with Materials

The utUu) of the Interaction ol Intcuse Picosecond Light Pulse
Chzcervation of threce Photon Counductivity in CdS with
i\‘("](‘ Liocled ‘\]d 1Glass Laser Polses

1

4. DLLCRIPIIVE NATE S (T)pr of fu; port and inclhsive deteny

A quarierly technical revort, June 22, 1972 to September 21, 1972
Auxﬁohm (First nume, middie iniiial, Inast fowe)
S. Jayaraman and Chi H. Lee
"a~ WLPORY Do 8. TOTAL MO, OF PAGLS . th, NO. OF KEFS
November 1, 1972 5 8

00, CONYRLET G GIANT O,

DA-ARG.-D=~31-124-Q-GE2

b. PROJELC T NO.L

ARPA Order No. 675 Am., 9
Program Code No. 9E20

<

-2

M, OCRIGINATOR'S RET'OHT BUMBT RN
e

TR-G11

b, OTHER REPORT KO fAay LLior mambnes

s may be aaciyrad
this reparty

10. DISTRIBIUTION LTATEMENT
Repr oduction im whole or in
United States Government

part is permitted for anv purpose of t}

1. JUPPLEMERTALY HUTLS

12, SPONIORING MILITARY ACTIVITY

ARPA anrl U.S. /\rmy Rescarch
Offic

13. AUSTRACT

investigated by using mode-locked
ibit a po"'
The
from the photocondu iivity measusr

and was found to exhi

c-\:rifz: tion intensity.

magritude with the theorciical v(l

AW e,

AR v

e lme I% 010, 2

The photocenductivity in GdS single and pu]vcryu als was

Nd:iglass Jaser pulses for excitation

where s the peak

:

ree -phouon .Anm.up‘ Lo cccfhuu)t estimated

~ment agreed well within an order of




‘ AR T0-01
Unclassiflicd 3200.8 (ALt 2 to Bucl 1)
M2y 7, 65

Secosity Clawafira jon

~——es o R R Py
14 : LiNK A L o Linv
KEY WORDS ‘e —— =
nG L Vel NOLRE 1 wTY HowLy
i
i

Three photon absorption
Serniconductors

CAs

Photoconductivity 2
Picosccond pulses

Mode=locled Jasers

vy ey o

3
F /
o ~n T T, - \ 2 M e N T LT L R S

Security Classification ’ o

£.GO §5:2y o

hT)
’

B O A i Y



Quarterly Technical Report

Period June 22, 1972 to September 21, 1972

Submitted to the U.S. Army Research Office

ARPA:

Program Code Number:

Name of Grantce:

Effective Date of Grant:

Grant Expiration Date:
Principle Investigator
Phone Number:
Grant Numbe r:
Research Assistants:

Short Title of Work:

)

.l
O
*t

ted by

a

675, Am"9

9E20

University of Maryland
March ¢ 2, 1972

June 21, 1973

Dr. Chi H. Lee

(301) 454-2443
DA-ARD-D-31-124-73-G82
Mr. S. Jayaraman

Mr. V. Bhanthumnavin
Mr. S. Mak

Mr. D. Coffey

"The Study of the Interaction

of Intense Picosecond Light |

Pulses with Materials"

-

Gl foust, Lo

Chi H. Lee '
Associate Professor

;1'
;
|
i
j
i
4
,l




r' <

OBSERVATION OF THREE PHOTON CONDUCTIVITY
IN CdS WITH MODE-LOCKED Nd: GLASS
LASER PULSES: .

S. Jayaraman and Chi H. Lee
Department of Electrical Engineering
University of Maryland
College Park, Maryland 20742

*Work supported by ARPA and monitored by
Army Research Office under grant number
DA-ARO~D-31-1249£82

b



OBSERVATION OF THREE PROTON CO "-ZDIjCTIVITY IN CdS
WITH MODE-LOCKED Nd:GLASS LASER PULSES |

The development of powerful sources of optical radiation by means of
mode-~locked lasers had made it possible to observe a number of higher

order optical interactions in solids. In this letter we report the study of

three - photon conductivity in single and polycrystals of CdS at room-temper- .

ature by using a train of picosecond pulses from a mode-locked Nd:glass

1)

laser as the excitation light source. B. M. Arykinadze et al ' were the

_first to observe three-photon absorption in CdS. They used focussed Q-

switched Nd:glass laser to study the recombination radiation in 5200 ; band
after thrce-photen absorption in Cdas at 77°K. They obse;ved.this emission
near the damage threshold. With picésecond pulseé ’ .'one coul& get power
density upto a few gegawatts / cmz without focussing. Eurther because of
th> short time duration of the pulse, thermal damage is negligiblé eveﬁ at
very high power densities. CdS is a direct band gap II-VI semiconductor
whose forbidden encrgy gep is ~2.42ev. The Nd:glass lasexl- output has a
phoron energy of 1.17 ev; thus, the change of photoconductivit).r is qxpected
to be due to three-photon generation of non-equilibrium charge carriers.
Since we used picosecond pulscs for excitation, what we measured

was transient photoconductivity one could easily write an expression for
transient conductivity change AG due to three-photon absorption, following

2)

Jick yec' s calculation,

- a F
AG'ICI “h)'%hw ol -(HZ" l l 1/2.’ b
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where % is a geometric factor of the sample, ie| is the magnitude of the
ejectronic charge, ", and Iy, are the electron and hnle mobilities, res-
pectively, 33 102 is the three-photon absorption coefficient in cm-1 » T is
the pulsewidth, Iis the incident laser intcnsify. L is the thickness. of the
samﬁle and By is the three-photon absorption coafﬁc.::lent in cm3/ Gwz. In
this expression, we have assumed that ali the recombination times are long
compared to the exciting laser pulses.. h

The laser used was a Korad K-1 system with a Nd:glass rod having a
Brewste‘r-Brewster configuratiori.‘ The laser was mode-locked by a Kodak
9860 dye. solution, . The output of the iaser c,.:onsist"ed of a.trian of equally
';paced .pico.;econd lz;sér pulses s-e.parated by 4. 5 nsecs, which was equal
~ to the cavity 'rot'u;d trip transit time. The laser beam was directed onto a
CdS sample which was cc;nnected in series with a 1270 load resistor to a
battery. The éhange of conductivity in the CdS crystals produced a change
of voltage across the load resistor and was monitored by a dual beam
oscilloscope. The laser pulse was monitbred by a phofodiode and displayed
on the same osFilloscope. Since both the laser pulse and the photoconductivity
were displayed on the dual beam scope with the same resolving time, the
photoconductivity peak corresponded to the peak of tﬁe laser pulse. The -
_t'riggel:'r' sigﬁal was provided by a beam splitter and another photodiode
through a 519 scope which monitored the mode=~locking of the beam. The
beam intensity was varicd by inserting cal.ibr'ated neutral density 'filters in

the optical .path.

We have measured the photoconductivity in both pol)’érystallilne




and single cfystal CdS. The former had a thickness of 0. 02 cm with a dark
resistance of well over 100 megohms. This is a commercially available
photoconductive cell (CL 902) made by Clairex Corporaiioa and has a spectral
peak at 5150 X (2.42 ev). The latter had a thickness of 0,028 cm with a
resistivity greater than 1080 ~cm. In bcyath cases, ohmic contacts wexl'e made
at the two ends of the sample surface by alloying with indium. Both the
crystals were checked for any photovoltaic effect with the battery short
circuited. It was observed that the photovoltaic effect was negligible (less

than 0.1%) compared to the photoconductive signal. The’conductivity 'change

‘AG was computed from the change in voltage across the load resistance.

The measured Iphotoco.nductivity AG against laser intensity with -modé-
locked f)ulsc excifation is shown m Fig';ll and 2 in a log-log gr'aph. The
mzximum Ilaser intensify \&;as a few gegawétts/ cm2 and the length of the
mode=~locked pulse 'frain was 200-400 nsecs. The encrgy of the pulse train
was measured with a calibrated thermopile detector and the pulse width
was measuréd with a TPF cell containing 10-3 molar solution of Rhodhamine

6G in cthanol in the usual collapsing geometry. (3) The pulse width was

found to be 5-9 psecs without measuring contrast ratio. Both figures 1 and 2

display a slope of (3. 0 + 0.2) indicating the three-photon nature of thé
excitation, Whgn53 Ioz L<«<1, we sec fromeq. (1), AG is prdpo'rtional to
103. This explains the slope 3 observed in the figures 1 and 2. Using eq. (1)
we could estimate the three-photon absorption cocfficient. from the measured
photoconductivity. The peak power density Io was measured. afc wasm 2,0

in the présent experiment. Since the crystals were of compensated high




-

~ stant when-traps released electrons and finally a very slow decay (of the

resistivity type, the mobility could not be measvred accurately and so the

(4)

normal mohility of 200 cmz/volt-scc was assumed. The order of mag-
nitude estimate of Es3 gave approximately 0, 04 Cm3/GW2 for polycrystal and
0.013 cm?’/Gw2 for single cry#tal CdS. Recently Jick yce(s) calculated the
three-photon absorption coefficient in CdS and found B3 to be~ 0.2 cm3/Gwz.
Arykinadrye et al(l) reported a value of 2,5 cm3/sz. Their experiment

was done with a Q-switched laser pulse and their intensity dependence of

(6)

recombination radiation was 103' 4. Arsenev et al’ " in their three-photon
photolumincscence experiment estimated 83 using mode locked pulses and

they got:av value of 0. 02 crﬁ3/Gw2. Our experit.rxgntal arrangement was similar

to Arsenev' s and | the order of magnitude agreement with the calculated

value and Ars,cnc;/' s experimental value gives one more evidence to three

photon generation process in CdS. The lower valﬁes got in the Plje§ent

experiment in comparison to the theory may be aftributed to the uhéertainty

used in the estimation and pz'u-tly due to the inhomogcneity of the beam dis-
tribution. Né) attempt was made to detect the changgs in the three photon absorption

(5)

coefficient due tc; anisotropy of CdS as prediétcd by Jick yee' . All the

measurements were done with a general random orientation of the crystal,

" The discrepancy in the values of 3_3 for poly and single crystals is too small

to ascertain a physical cuase in the difference in response.
The photoconductivity decay of single crystals exhibited three distinct
regions, an initial {fast decay ~ 1psec associated with free electron recom-

bination and trap {filling, then an interrmediate region of 35psecs time con-




order of several seconds) associated with emptying of trapping Jevels close to
the equilibrium Fermi level. This agreed with the, qbsgrvations made
by Nicholas and Woodg” The photoconductor regained its dark resistance
only after 2-3 miﬁutes. For this reason, successive laser shots were fixcd
at 2-3 minutes intcrval. The very slow decay was conspicuously absent in
polycrystal CdS and this could be explained Ey invpking low trap densities
oomparcd Lo single crystal CdS as obsérvcd and explained by J. S. Skarman‘.‘s)
in conclusion, we have reported the observation of the three bhbton ..
conductivity iu single and polycrystalline CdS using mode-locked pulsez
excitation from a Nd:glass laser. When (-switched pulses of .the same envelope
density as .that of thc modc-iock?:ci' pulse train was used, the photoconductivity

signal was barely observable. The foregoing investigation illustrates the

advantage of using picosccond pulscs in studying the higher order optical

_nonlincarities.
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Figure Captions:

FIG. 1. Three - photon conductivity versus relative laser intensity with
modc-locked pulsz excitation of polycrystal CdS (0.02 cm thick).
Data points indicate experimental results. The continuous line

represents the least squarc fit.

Fig. 2. Threec-photon conductivity versus velative laser intensity with
mode-locked pulse excitation of single crystal CdS (0. 028 em thick,
comimnsated high resistivity type). Data points indicate experimental |

results. The continuous line represenis the least square fit.
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